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ABSTRACT 



A method of driving a liquid crystal display device for 
converting a composite video signal into RGB analog video 
signals by a chrominance circuit, and controlling the trans- 
mittance of each pixel corresponding to each color or red, 
green and blue on a liquid crystal panel based on the voltage 
levels of the RGB analog video signals so as to perform 
color display. The method includes the steps of detecting a 
color saturation of a picture based on the composite video 
signal, and controlling the transmittance of a liquid crystal 
panel based on the transmittance characteristic (T-V curve a) 
of each pixel relative to normal RGB analog video signals in 
the case that the color saturation is less than a predetermined 
value. Based on the transmittance characteristic (T-V curve 
b) of each pixel relative to RGB analog video signals at the 
voltage levels where the transmittance of each pixel of the 
Uquid crystal panel reaches the maximum value are set to be 
less than normal values, in the case that the color saturation 
is higher than the predetermined value. As a result, color 
saturation of a display of the liquid crystal panel is more 
enhanced than the actual color saturation of the RGB analog 
video signals in a picture portion having high color satura- 
tion, thereby improving color reproducibility. 

4 Claims, 9 Drawing Sheets 
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METHOD OF DRIVING A LIQUID CRYSTAL 
DISPLAY DEVICE 



BACKGROUND OF THE INVENITION 

1. Field of the Invention 

The present invention relates to a method of driving a 
liquid crystal display device for performing color display, 
more particularly to a method of driving a liquid crystal 
display device for displaying information corresponding to 
a picture of a composite video signal in color. 

2. Description of the Related Art 

There has been widely used a liquid crystal display device 
capable of performing a color display as a display of various 
information from apparatuses and instruments such as a 
liquid crystal color TV, a personal computer, etc. 

A prior art basic driving method of such a liquid crystal 
display device will be explained with reference to FIG. 16. 

A composite video signal CV is converted into RGB 
analog signals by a chrominance circuit 50 which are 
inputted to a driving circuit 51. The driving circuit 51 
actuates a liquid crystal panel 52 based on the voltage levels 
of the RGB analog video signals to control the tiansmittance 
of each pixel corresponding to each color of red, green and 
blue on a liquid crystal panel so as to perform color display. 

The composite video signal may be of the NTSC system, 
the PAL system or the SECAM system. The NTSC system 
will be described hereinafter. 

FIG. 17 shows an example of a composite video signal. 
This signal is converted into RGB analog video signals 
having red, green and blue colors respectively by the 
chrominance circuit SO. 

FIG. 18(a)-18(c) show the converted RGB analog video 
signals. In the figure, denoted at An is the maximum 
amplitude of each of the RGB analog video signals. 

The driving circuit 51 controls the Cransmittance of each 
pixel corresponding to each color of red, green and blue on 
a liquid crystal panel 52 in response to the voltage levels of 
the inputted RGB analog video signals to faithfully repro- 
duce the image of the RGB analog video signals thereon. 

RgM^j^^the relationship between the RGB analog 
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" -Whetfthe voltage level of the RGB analog video signal is 
as large as the maximum amplitude An, the transmittancc of 
the liquid crystal panel becomes 100%, and when the 
voltage level thereof is 0, the transmittancc also becomes 
0%. A color pictiu-e is displayed based on the transmittance 
characteristic. 

As mentioned above, in the prior art liquid crystal display 
device, there is only one transmittance characteristic as 
shown in FIG. 19 so that an image represented by a 
composite video signal is represented based on the same 60 
transmittance characteristic irrespective whether color or 
monochrome. Accordingly, the color reproducibility of a 
color picture displayed on the prior art liquid crystal display 
device is determined by the color demodulation performance 
of a chrominance circuit 50 in FIG. 16, and hence the 
demodulation performance of the chrominance circuit is 
regarded as important. 
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Whereupon, even if the chrominance circuit 50 having a 
high demodulation performance is employed, a picture 
actoally displayed on the Uquid crystal display device 
appears inferior to that displayed on a color CRT in color 
reproducibility. This is mainly caused by the NTSC broad- 
casting system. The NTSC system is conceived on the 
premise of employment of a CRT as an image receiver, and 
it skillfully employs many techniques utilizing characteris- 
tics of the CRT and of human visual processing and inter- 
pretation. 

However, the CRT is different from the liquid crystal 
display device in a method of display. The NTSC system 
sometimes causes inconvenience in color reproducibility on 
the liquid crystal display device, which is different from the 
CRT in the method of display. 

The CRT performs color display when an electronic gun 
emits an electronic beam to a fluorescent body to make the 
same emit light. Contrary to this, the liquid crystal display 
device is a light-receiving type display device of a light bulb 
system which controls the transmission of light emitted from 
a back light. 

A cold-cathode tube is frequently employed as the back 
light, but a halogen lamp or a metal halide lamp is employed 
in a Hquid crystal video projector and the like. 

The light-iEceiving type liquid crystal display device 
employing the back light is short of brightness (luminance) 
compared with a light-emitting type CRT as matters stand. 
An opening ratio representing the ratio of area of the liquid 
crystal display device through which light is transmitted is 
about 30% in an active system. The 30% transmitted light is 
further absorbed by a deflecting plate and a color filter, and 
hence an actual amount of light transmitted therethrough is 
at mast several percent of that emitted from the back light 

As mentioned above, the light utilization efiSciency of the 
liquid crystal display device is inferior to that of the CRT so 
that a picture on the liquid crystal display device is much 
reduced in brighmess compared with that on the CRT. 
Particularly, there is a problem of luminance shortage in the 
liquid crystal projector since a projection system is liable to 
be influenced by the brightness of the environment adding to 
insufficient brightness of the back light. Various inconve- 
niences occur if the composite video signal of the NTSC 
system which premises the CRT for a display is displayed 
faithfully on such a liquid crystal panel which is inferior in 
brightness. 

Firstly, in case of monochrome display having no color, 
the picture of the liquid crystal display device is less bright 
than that of the CRT but the former is reduced in brightness 
as a whole, a picture thereon can be seen sufficiently so long 
as it is bright to some extent. Moreover, in the case of the 
liquid crystal display device having the cold-cathode tube as 
the back light which has high color temperature, it gives a 
feeling close to that of the CRT. 

Whereupon, a color display on the CRT is largely different 
from that of the liquid crystal display device in color 
reproducibility of the picture. If the same picture is dis- 
played on the CRT and on the liquid crystal display device, 
the liquid crystal display device seems short in color satu- 
ration. 

This is caused by the fact that for human beings color 
discrimination ability is reduced as luminance is lowered. 
Further, there occurs a Bezold-Bruecke phenomenon, that a 
color is recognized to be different in hue at a low luminance. 
Blue-green light seems to be more bluish and orange light 
seems to be more yellowish. 

Such a phenomenon largely influences display quality. 
Since these are aU caused by a shortage of luminance, such 
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a phenomenon occurs remarkably in the projection type 
liquid crystal video projector rather than the liquid crystal 
display device which employs the cold-cathode tube as the 
back light Particularly, in the case of a small 1-chip liquid 
crystal video projector employing a halogen lamp, it is 5 
remarkably short of luminance, which largely influences 
visual performance. 

To cope with the aforementioned problem, there has been 
employed a method of enhancing color saturation using a 
chrominance drcuit. This method is performed by separat- 
ing a composite video signal CV into Y/C signal compo- 
nents in the chrominance circuit 50 as shown in FIG. 16, 
amplifying a C (color difference) signal component to 
increase the ratio of the C signal component relative to the 
Y Ouminance) signal component thereby enhancing the 
color saturation. 

Since most of the integrated-circuit chrominance circuits 
previously included therein a color adjusting circuit, this 
method could be relatively easily employed. 

However, this method has a significant problem. That is. 
if the color adjustment is emphasized, a color noise is likely 
to occur due to cross-talk between color signals. Since the 
occurrence of the color noise remarkably deteriorates the 
display characteristic, there is a limit for enhancing the color 
saturation merely by the chrominance circuit 

The present invention solves the aforementioned prob- 
lems and provides a liquid crystal display device capable of 
enhancing color saturation of a picture displayed in color on 
the liquid crystal display device to thereby improve the 30 
display quality without generating a color noise. 

SUMMARY OF THE INVENTION 

The present invention includes the following steps in a 
method of drivuig a liquid crystal display device for con- 
verting a composite video signal mto RGB analog video 
signals by a chrominance circuit and conU-oUing the trans- 
mittance of each pixel corresponding to each color Of red, 
green and blue on a liquid crystal panel based on the voltage 
levels of tiie RGB analog video signals so as to perform a 
color display. 

Color saturation of a picture is detected based on the 
composite video signal, and the trahsmittance of each pixel 
is controlled based on tiie transmittance characteristic of 
each pixel relative to the RGB analog video signals, wherein 
the RGB analog video signals are reduced in voltage levels 
at which die transmittance of each pixel of red, green, and 
blue on the liquid crystal panel reaches the maximum value 
as the detected color saturation is increased in magnitude. 

In the above method, since a portion having low color 
saturation in the conqwsite video signal makes the trans- 
mittance of the liquid crystal panel of the liquid crystal 
display device maximum at voltage levels near the peak 
voltages of the RGB analog video signals, but a portion 55 
having high color saturation makes the transmittance maxi- 
mum at voltage levels lower than the peak voltages of the 
RGB analog video signals, the color saturation on the liquid 
crystal panel display can be enhanced compared with the 
actual color saturation of tiie RGB analog video signals. «> 
Funher, since Uie color difference signal need not be ampli- 
fied by Uie chrommance circuit, flie color noise is not 
generated. 

In a more concrete method, when die color saturation 
which is detected from tiie composite video signal is higher 65 
tiian a predetermined color saturation, tiie transmittance of 
each pixel may be controlled based on the transmittance 
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characteristic of each pixel relative to the RGB analog video 
signals, wherein the transmittance of each pixel of red, green 
and blue on tiie liquid crystal panel reaches the maximum at 
about 75% of tiie voltage levels of die RGB analog video 
signals, which is lower than a predetermined color saturation 
at the time when tiie color saniration is less tiian Oie 
predetermined color saturation, 

Further, in a method of a driving a liquid crystal display 
device for converting RGB analog video signals, which are 
converted from a composite video signal into digital signals, 
and controlling die transmittance of each pixel correspond- 
ing to each color of red, green and blue on a liquid crystal 
panel, based on the digital signals, so as to perform color 
display, the method includes reducing the upper side refer- 
ence voltages of AJD converters for converting tiie RGB 
analog video signals into tiie digital signals as flie color 
saniration detected from tiie composite video signal is 
increased in magnitude to make the converted digital signals 
large so that die color saturation on flie liquid crystal panel 
display can be enhanced. 

Further, in a method of driving a liquid crystal display 
device for converting RGB analog video signals, which are 
coiiverted from a composite video signal, or digital signals, 
which are obtained by subjecting tiie RGB analog video 
signals to A/D conversion, into a pulse widfli signal for 
representing gradation by a pulse widfli modulation system, 
and conttolling flie transmittance of each pixel correspond- 
ing to each color of red, green and blue on Uie liquid crystal 
panel based on the pulse widtii so as to perform color 
display, flie gradation steps are furflier shifted to a high 
luminance side as tiie color saturation detected from flie 
composite video signal is increased in magnitude at tiie time 
of converting ttie RGB analog video signals, or flie digital 
signals, which are obtained by subjecting tiie RGB analog 
video signals to the A/D conversion, into a pulse widtii 
signal, so as to enhance the luminance of the color picture 
oh the liquid crystal panel and enhance tiie color saturation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing a characteristic curve showing 
the relationship between an RGB analog video signal volt- 
age level and a transmittance of a liquid crystal panel 
according to the embodiment of present invention; 

FIG. 2 is a waveform of a composite video signal having 
a 75% color bar employed by an embodiment of tbs present 
invention; 

FIG. 3 is a view showing an envelope of amplitiide of a 
color difference signal component in an embodiment of tiie 
present invention; 

FIG. 4(aH(c) are showing a picture having a 75% color 
bar displayed on tiie liquid crystal display device, and a 
luminance characteristic of each color of ttie RGB analog 
video signals displayed on tiie liquid crystal display device; 

HG. 5 is a block diagram of a color detecting means 
according to tiie embodiment of the present invention; 

HG. 6 is a view showing flie relationship between a 
waveform of a color detection signal and color saturation in 
HG. 5; 

FIG. 7 is a block diagram showing an example of a liquid 
crystal display device employing a driving mefliod of the 
present invention; 

FIG. 8 is a wavefonn showing the maximum amplitudes 
of the RGB analog video signals; 

FIG. 9 is a view showing flie rising-sun flag picture 
displayed on tiie liquid crystal panel for explaining \be 
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driving method of the liquid crystal display device according 
to the present invention; 

FIG. 10 is a waveform of a picture signal of the rising-sun 
flag picture in FIG. 9; 

FIG. ll(a)-U(d) show a waveform of a color detecting 
signal and waveforms of the RGB analog video signals 
respectively of the rising-sun flag picture in FIG. 9; 

FIG. 12(a)-12(c) show views showing a transmittance 
(luminance) characteristic of the liquid crystal panel relative 
to the RGB analog video signals of the rising-sun flag 
picUire in FIG. 9; 

FIG. 13 is a view showing a pulse width modulation 
waveform and examples of gradation display in a low color 
saturation portion in a case of performing the gradation 
display based on a pulse width modulation system in an 
embodiment of the present invention; 

FIG. 14 shows views showing a pulse width modulation 
waveforms and examples of gradation display in a high 
color saturation portion also in an embodiment of the present 
invention; 

FIG. 15 is a block diagram showing an example of an 
arrangement of a signal electrode driving circuit employed 
by the embodiment of the present invention; 

FIG. 16 is a block diagram of a prior art liquid crystal 
display device for explaining a prior art driving method; 

FIG. 17 is a waveform of a composite video signal to be 
inputted to a chrominance circuit 50 of FIG. 16; 

FIG. 18(a)-18(c) show waveforms of RGB analog video 
signals which are converted by the chrominance circuit 50 of 
RG. 16; and 

FIG. 19 is a characteristic curve showing the relationship 
between a prior art RGB analog video signal voltage level 
and the transmittance of a liquid crystal display device. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

An embodiment of the present invention will be described 
with reference to the attached drawings for explaining the "O 
content of the present invention in detail. 

FIG. 1 is a graph showing a characteristic curve showing 
the relationship between an RGB analog video signal volt- 
age level and a transmittance of a liquid crystal panel 
utilized in the embodunent of the present mvention. 

The vertical axis of the graph represents transmittance of 
a liquid crystal panel (corresponding to luminance on the 
liquid crystal display) TLCD. That is, a screen or picture on 
the liquid crystal panel becomes the darkest which can be 
displayed on the Uquid crystal panel in the case that the 
TLCD=0%, and the picmre becomes the brightest which can 
be displayed on the liquid ciystal panel in the case that the 
TLCD=100%. The lateral axis of the graph represents volt- 
age levels of RGB analog video signals which are obtained 
by demoduladng a composite video signal by a chrominance 
circuit, wherein AB/W represents a voltage level in the case 
of 100% amplitude and ACOL represents a voltage level in 
the case of 75% amplitude. The ACOL can be set to a 
voltage level other than the voltage level of 75% amplitude 
if it satisfies the relationship expressed by ACOL<ABAV. 

A T-V curve a as shown in a broken line represents a 
characteristic establishing an equation of TLCD=0% when 
the RGB analog video signals are 0 V, and establishing an 
equation of TLCD=]00% at the AB/W. 

A T-V curve b as shown in a solid line represents 
characteristic establishing the equation of TLCD=0% when 
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the RGB analog video signals arc 0 V, and establishing the 
equation of TLCD=10G% at the ACOL, and saturating at a 
voltage level exceeding the ACOL. 

That is, in the case of displaying a picture based on the 
characteristic of the T-V curve a. the TLCD varies in the 
range from 0% to 100% until tiie voltage level of ABAV, 
while in case of the characteristic of the T-V curve b, the 
TLCD becomes 100% at the ACOL voltage level corre- 
sponding to 75% of the AB/W, which reveals that die 
transmittance TLCD of the liquid crystal panel represented 
by the characteristic of the T-V curve b is higher than that 
represented by the characteristic of the T-V curve a at a 
voltage level other than die 0 V and at AB/W, which assures 
bnght (high luminance) display. It is possible to enhance tiie 
color saturation displayed on the Uquid crystal panel and 
improve the color reproducibility by properiy using these 
two T-V curves depending on color saturation. 

A method of properly using the T-V curve a and the T-V 
curve b will be now described with reference to a case for 
displaying a signal having a 75% color bar (hereinafter 
referred to as a 75% color bar signal). 

PIG. 2 shows a composite video signal consisting of a 
75% color bar signal. The thick line represents a luminance 
signal and vertical thin lines represent color difference 
signals overlaid on the luminance signal. A portion having 
no color difference signal at die left end of die 75% color bar 
signal is white having 75% luminance, which is successively 
followed to die right by yeUow, cyan, green, magenta, rB4 
blue respectively having a 75% color saniration, and die 
right end is black having 0% luminance. A state where die 
75% color bar is actually displayed on the liquid crystal 
panel is shown at die uppermost of FIG. 4. 

Described hereinafter is a case of display of the 75% color 
bar using die liquid crystal display device having die char- 
actenstic of die T-V curve a in HG. 1. A solid line in die 
graph of FIG. 4 represents die luminance (transmittance) 
characteristic of each primary color of die RGB when die 
75% color bar is displayed. 

A portion having 75% white has 75% luminance in each 
of die RGB signals while a portion having a 0% black has 
0% luminance in each of the RGB signals. Other colors are 
produced by the additive color mixing principle, but every 
color can be produced by a combination of 75% luminance 
and 0% luminance, and has 75% color sahiradon. 

A prior art liquid crystal display device corresponds to 
diis case, wherein since bodi monochrome and color por- 
tions employ die T-V curve a, diey reach up to 75% 
luminance so that diey still keep 75% color saturation. 

Whereupon, die composite video signal is transmitted 
widj die color difference signal being overlaid on the lumi- 
nance signal. The araplihide of die color difference signal is 
taken out from color information included in die color 
difference signal as color saturation information. Supposing 
dial die amplitude of die color difference signal is simply 
treated as die color sahiration information, some problems 
strictly occur. 

However, since dus does not substantially cause any 
problem in die visual property of human beings, die ampli- 
tiide of the color difference signal may be ti:eated as die color 
saturation information. 

FIG. 3 shows a waveform of a color detection signal 
servmg as die envelope of die amplitude of die color 
difference signal component having die 75% color bar 
shown in FIG. 2. In FIG. 3, a portion having Uie maximum 
amplitude represents a portion having die highest color 
saturation, and die monochrome portion represents a portion 
having the minimum amplitude. 
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A method of detecting the color detection signal of FIG. 
3 from the composite video signal of FIG. 2 will be now 
described with reference to FIG. 5. 

A composite video signal CV is inputted to a Y/C sepa- 
rator I and the component of the color difference signal C 
which is separated by the Y/C separator 1 is inputted to a 
color detector 2, and an envelope of the color difference 
signal C is outputted as a color detection signal Sc. There are 
various systems known as the Y/C separator 1, such as a 
band pass filter system in a color sub-carrier band, a one line 
comb-type filter system, a three-dimensional YC separation 
system, etc., any of which may be employed by the Y/C 
separator 1. The color detector 2 is composed of a rectifier 
circuit and a low-pass filter and produces an envelope signal 
of the color difference signal C, which is amplified and 
outputted as the color detection signal Sc. 

FIG. 6 is an enlarged waveform of the color detection 
signal Sc. A broken line represents a level of a threshold 
voltage Vr for determining the color saturation. A portion 
which is higher than the level of the threshold voltage Vr is 20 
judged to have high color saturation and a portion which is 
lower than the level of the threshold voltage Vr is judged to 
have low color saturation. It is the same in the case of the 
color detecting signal of the 75% color bar shown in HG. 3, 
wherein a broken line is judged to represent high color 25 
saturation at the portion thereof higher than the threshold 
voltage Vr, and is judged to represent low color saturation at 
the portion lower than that 

In the case of the 75% color bar, all the color portions 
have relatively high, i.e. 75% color saturation, and both ends 
thereof, i.e. 75% white and 0% black portions alone, have 
low color saturation, which resulu in that all the color 
portions have high color saturation. 

The T-V curve a and the T-V curve b representing two 
transmittance characteristics as shown in FIG. 1 are properly 
used depending on high or low color saturation so as to 
control the transmittance of the Uquid crystal panel, thereby 
performing the color display. That is, the portion having low 
color saturation under the threshold voltage Vr shown in 
FIG. 3 in the color detection signal of the 75% color bar is 
displayed in accordance with the characteristic of the T — ^V 
curve a in HG. 1, while the portion having high color 
saturation above the threshold voltage Vr is displayed in 
accordance with the characteristic of the T-V curve b. 

As a result, the 75% white portion at the left side follows 
the characteristic of the T-V curve a, and hence the voltage 
level corresponds to the ACOL which is 75% of the AB/W 
in HG. 1, so that it is displayed to meet the equation 
TLCD=75%. On the other hand, the portion which has high 
color saturation from yellow to blue follows the character- 
istic of the T-V curve b, so that the 75% luminance level 
thereof satisfies the equation TLCD=100% in flie ACOL 
voltage level in HG. 1. The luminance (transmittance) 
characteristic displayed on the liquid crystal panel at this 
time is shown in HG. 4 by broken lines. 

In FIG. 4(a)-4(c), the monochrome portion of the 75% 
white and 0% black is displayed in the conventional manner 
but the colored portion which has high color saturation from 
yellow to blue is improved in the luminance of each color of ^ 
the RGB by 25%, namely, from 75% to 100%. A portion 
having 0% luminance of each color of the RGB is still 0%. 
Accordingly, the color saturation displayed on the liquid 
crystal panel is enhanced. 

Although the case of display of the 75% color bar has 65 
been explained above as shown in HG. 1, since die voltage 
levels of the RGB analog video signals in the T-V curve b 
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are higher in transmittance TLCD than that in the T-V curve 
a in a voltage level otiier than the 75% voltage level, the 
color saturation displayed on the liquid crystal panel can be 
enhanced. 

In HG. 1, the TLCD is saturated, i.e., becomes 100% at 
a voltage level which is greater than the ACOL in the T-V 
curve b, which generates the problem of color reproducibil- 
ity. However, as Uiere is scarcely any information havitig 
more than 75% color saturation in a picture signal such as an 
actually televised picture signal, there does not actually 
occur any problem in visual processing and interpretation. 

If the color saturation is to be further enhanced, the 
voltage level ACOL at which the T-V curve b in HG. 1 is 
saturated to 100% may be lowered to a voltage level still 
lower than 75% of the AB/W. According to an experiment 
made by the inventor, he felt that the color saturation was too 
high if die ACOL is lowered to 60%, being most appropriate 
at about 75%. 

An example of the liquid crystal display device for 
realizing the preferred embodiment as mentioned above will 
be now described. HG. 7 is a block diagram showing an 
arrangement of the liquid crystal display device. 

The composite video signal CV is inputted to the Y/C 
separator 1 in the same manner as illustrated in HG. 5. A 
luminance signal Y and a color difference signal C tiiat have 
been separated from each other by the Y/C separator 1 are 
inputted to a chrominance circuit 3 and the color difference 
signal C is also inputted to a color detector 2'. Each analog 
video signal of the RGB signals which are demodulated by 
the chrominance drcuit 3 is inputted to an R A/D converter 
Sa, a G A/D converter Sb oi nB A/D converter Sc. by way 
of an R delay line 4a, a G delay line 4fc or a B delay line 4c, 
respectively. 

The color detector 2' forms an envelope of the color 
difference signal C separated by the Y/C separator 1 to 
obtain a color detection signal, and compares, the color 
detection signal vwth the threshold voltage Vr so as to judge 
high or low color saturation and it converts the high or low 
color saturation into an H or L binary signal which is 
outputted therefrom. 

A multiplexer 6 outputs the voltage Vt (COL) in case of 
high color saturation (detection signal is H), or the voltage 
Vt (B/W) in case of low color saturation (detection signal is 
L) depending if the color saturation ou^ut from color 
detector 2' is H or L, as the upper side reference voltage Vrt 
of each of the A/D converters 5a to 5c. A constant voltage 
Vb is applied to each of the A/D converters Sa to Sc as the 
lower side reference voltage Vrb thereof. 

The A/D converters 5a to 5c convert the RGB analog 
signals into digital signals DR, DG, DB which are output as 
an output Dout tiirough a multiplexer 7 and the output Dout 
is inputted to a signal electrode driving circuit 11. 

A controller 8 outputs a clock ^1 to each of tiie A/D 
converters 5a to 5c, a signal electrode driving dock ^2 to the 
signal electrode driving circuit II and a scanning clock (J)3 
to a scanning electrode driving circuit 12. The transmittance 
of each pixel corresponding to each color of red, green or 
blue of the liquid crystal panel is controlled by the signal 
electiBde driving circuit 11 and the scanning electrode 
driving circuit 12, so as to display a color picture on the 
liquid crystal panel 10. 

Setting voltage levels of two upper side reference voltages 
Vt (COL) and Vt (B/W) and a lower side reference voltage 
Vb to be selected by the multiplexer 6 are shown in HG. 8. 
In HG. 8, a waveform as shown in a solid line is a ramp 
waveform extendmg from 0% black to 100% white of the 
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analog video signals RGB (R signal, G signal and B signal) 
to be inputted to the R AJD converter So, G A/D converter 
Sb or B A/D converter 5c in FIG. 7 respectively. 

The Vt (B/W) is the upper side reference voltage to be 
used in the case of low color saturation and is set to a value 
which is slightly less Qian 100% white. Vt (COL) is the 
upper side reference voltage to be used in the case of high 
color saturation and is set to a value near 75% white. The 
lower side reference voltage Vb is set to a value slightly 
greater than 0% black. 

Each delay time on the R delay line 4a, G delay line 4b 
and B delay line 4c shown in FIG. 7 is set to a time from the 
detection of the high or low color saturation from the color 
difference signal C by the color detector 2' until the opera- 
tion of the multiplexer 6 to output the upper side reference 
voltages Vt (BAV) or Vt (COL) to the R A/D converter Sa. 
G A/D converter Sb and B A/D converter 5c. 

A detailed example according to the embodiment of the 
present invention will be now described with reference to 
the rising-sun flag picture. 

FIG. 9 is a view showing the rising-sun flag picture 
displayed on the liquid crystal panel. 

The composite video signal CV of a scanning line A of 
this picture is shown in FIG. 10 wherein the color difference 25 
signals are overlaid with one another in a portion corre- 
sponding to a central red circle. 

FIG. 11a is a waveform of an upper side reference voltage 
Vrt to be inputted to the R A/D converter Sa, G A/D 
convener 5i and B A/D converter 5c. This upper side 
reference voltage Vrt is set to the voltage level of the Vt 
(COL) in the red portion in HG. 9 and is set to the voltage 
level of the Vt (BAV) in the portion other than the red 
portion. The lower side reference voltage Vrb is always set 
to the voltage level of the Vb. 

FIGS. ll(bhll(_d) also show waveforms of the R signal, 
G signal and B respectively which are converted into digital 
signals DR. DG and DB by the A/D converters 5a to 5c in 
response to the upper and lower side reference voltages in 
synchronization with the clock <^1. 

The digital signal DR among these digital signals DR, DG 
and DB is made to have a large value of digital data, i.e., that 
having high, luminance information only in the red portion 
which is to be subjected to an A/D conversion when the 
upper side reference voltage Vrt is the upper side reference 
voltage Vt (COL). 

These converted digital signals DR, DG and DB are 
selected by a multiplexer 7 in accordance with the disposi- 
tion of the color filters of the liquid crystal panel 10, and are 
transferred to a signal electrode driving circuit 11 in syn- 
chronization with a signal electrode driving clock ^2 so that 
voltages corresponding to digital values of these digital 
signals are applied to the liquid crystal panel 10. 

FIGS. 12(a>-12(c) represent the transmittance Qumi- 
nance) characteristic TLCD of each color of the RGB on the 
scanmng line A of the picture displayed on the liquid crystal 
panel 10 at that time. It is recognized ftom FIG. 12a that the 
transmittance, i.e., luminance of R (TLCD (R)) alone is 
increased only in the red portion. The transmittance of G and 
B of the red portion of the rising-sun flag does not vary while 
remaming 0% black since the upper side reference voltage 
Vrt is fixed to Vt (B/W) so that the color saturation of the red 
pm tion alone of therising-sun flag is made high. 

of the liqma-cryitaTdisia^^virelOT 
?ating tfiS»RSBiahalogMde6)signals.into.the digital^i^als 
^.sthej=^g^yerters so as to be displayed on the liqimi 
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Fuftherralthough-there-is'^ liquic! crystal diipay dev-ice 
for displaying gradation by pulse width modulation, the 
color saturation of the display device can be enhanced by 
adding a simple circuit to such a device. 

Pulse width modulation waveforms and gradation dis- 
plays in the case of four-gradation display are shown in 
FIGS. 13 and 14. 

FIG. 13 shows waveforms of the gradation display at low 
color saturation. Denoted at CPl is a waveform to determine 
the step of each gradation wherein the rise of each pulse 
waveform corresponds to each gradation. When the grada- 
tion display is performed by CPl, voltages to be applied to 
a signal electrode are shown thereunder and the luminance 
of the gradation is shown at left side of each waveform in 
each case. 

HG. 14 shows waveforms of the gradation display at a 
high color saturation portion. Denoted at CP2 is a waveform 
to determine the step of each gradation portion. The second 
and succeeding steps of gradation of CP2 are set to be 
shifted toward a high luminance compared with CPl. 

The two kinds of gradations can be selected in response 
to the color saturation. The gradation display in HG. 13 is 
performed when die color saturation is low, and the grada- 
tion display in FlC. 14 is performed when the color sani- 
ration is high. 

FlC. 15 shows a block of the signal electrode driving 
circuit 11 employed by this embodiment. A memory 20 is 
composed of a 1-bit memory 21 for color detection and a 
memory 22 for data. The memory 22 for data, the memory 
21 for color detection, the waveform CPl and the waveform 
CP2 are connected to a pulse width modulator 40, a switch- 
ing device 30, a switching circuit 31 of the switching device 
30 and anotiier switching circuit 32, respectively. 

The switching device 30 switches a pair of switching 
circuits 31 and 32 to supply the waveform CP2 in the case 
of a high color saturation or the waveform CPl in tiie case 
of a low color saturation to the pulse width modulator 40, 
respectively based on the output of the memory 21 for color 
detection. 

The pulse width modulator 40 converts the digital signals 
DR, DG and DB supplied from the memory 22 for data into 
pulse width signals having various gradations in synchro- 
nism with the waveform CPl or CP2 supplied from the 
switching device 30 to supply the converted pulse width 
signals to the signal electrode 10a of the Uquid crystal panel 
10 shown in HG. 7. The gradation display can be realized 
by providing as many blocks of the signal elecfrode driving 
circuit 11 as there are signal electrodes of the liquid crystal 
panel 10. 

With the arrangement set forth above, it is possible to 
enhance the displayed color saturation by changing the 
gradation steps using the pulse width modulation system 
depending on the height of the color saturation (the grada- 
tion steps are shifted to the high luminance side when the 
color sataration is high). 

On the other hand, some active driving systems using a 
TTT employ a pulse height modulation system in which tiie 
analog video sigiial is ampHfied as it is to be applied to the 
liquid crystal panel 10 as a signal elecU-ode driving signal 
With these active driving systems, it is evident fiom the 
same viewpomt that it is possible to enhance the displayed 
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color saturation by changing an ampMcation factor or a 
clamping voltage. 

Although this embodiment employs a two-value expres- 
sion wherein the color saturation is either high or low it is 
not limited to the two-value expression, but a multi-value 5 
expression of more than two can better improve the awk- 
wardness at the switching portion. 

Moreover, in all the cases described above, it is possible 
to realize display without generation of color noise to keep 
balfflice m displaying white so long as the color adjustment '° 
ot the chrominance circuit 3 as shown in FIG. 7 is usually 
set to a proper value. 

As described above, the method of driving a liquid crystal 
display device according to the present invention can 
enhance display quality by increasing the color saturation of 
color display on a Uquid crystal display device and dispense 
with a chrominance circuit for ampUfying a color difference 
signal, so that it is free from the generation of color noise. 

As a resulU it is very effectively adapted to a method of ,„ 
dnvmg a liquid crystal display device in various information 
devices such as a liquid crystal color TV or a personal 
computer equipped with a liquid crystal color display 

I claim; ■'' 

1. A method of driving a liquid crystal display device for ,< 
convertmg a composite video signal into RGB analog video 
signals by a chrominance circuit, and controlling a trans- 
mittance of each puel corresponding to each color of red 
greai and blue on a liquid crystal panel based on voltage 
levels of said RGB analog video signals so as to peifomi ,„ 
color display, the method comprising the steps of: 
detecting a color saturation of a picture based on said 

composite video signal; and 
controlling the transmittance of each pixel based on a 
transmittance characteristic of each pixel relative to 35 
said RGB analog video signals, wherein said RGB 
analog video signals are reduced in voltage levels at 
which the transmittance of each pixel of red, green and 
blue on said liquid crystal panel reaches a maximum 
value as the detected color saturation is increased above « 
a predetermined threshold level. 
2. A method of driving a Uquid crystal display device for 
convemng a composite video signal into RGB analog video 
signals by a chrominance circuit, and controlling a trans- 
nuttance of each pixel coiresponding to each color of re4 « 
green and blue on a liquid crystal panel based on voltage 
levels of said RGB analog video signals so as to perfomi 
color display, the method comprising the steps of: 
detecting a color saturation of a picture based on said 
composite video signal; and ^ 
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when said detected color saturation is greater than a 
predetemuned threshold level, controlling the transmit- 
tance of each pixel based on a transmittance charac- 
teristic of each pixel relative to said RGB analog video 
signals, wherein the fransmittance of each pLxe! of red, 
green and blue on said liquid crystal panel leacheVfte 
maximum value at about 75% of a voltage level of the 
RGB analog video signals at a time when the color 
saturation is less than the predetermined color satura- 
tion. 

3. A method of driving a liquid ciysial display device for 
converting a composite video signal into RGB analog video 
signals by a chrominance circuit, and further converting said 
RGB analog video signals into digital signals and control- 
ling a ti^smittance of each pixel corresponding to each 
color of red, green and blue on a liquid crystal panel based 
on said digital signals so as to perform color display, the 
meUiod comprising tiie steps of; 

detecting color saturation of a picture based on said 

composite video signal; and 
reducing upper side reference voltages of A^ converters 
for converting said analog video signals into said 
digital signals as said detected color satiiration is 
mcreased in magnitude above a predetennined thresh- 
old level. 

4. A metiiod of driving a liquid crystal display device for 
converting a composite video signal into RGB analog video 
signals by a chrominance circuit and further converting said 
RGB analog signals into digital signals by subjecting tiie 
RGB analog video signals to AJD conversion, which are 
further converted into a pulse width signal for representing 
gradations by a pulse widtii modulation system and contiol- 
Img a ttansmittance of each pixel coiresponding to each 
colOT of red, green and blue on the liquid crystal panel based 
on the pulse widdi so as to perform color display, the method 
composing the steps of: 

detecting color satiiration of a pictiire based on said 

composite video signal; and 
shifting gradation steps flmher to a high luminance side at 
a time of converting tiie RGB analog video signals, or 
tiie digital signals which are obtained by subjecting tiie 
RGB analog video signals to tiie A^ conversion, into 
a pulse widtii signal, as said detected color saturation is 
increased in magnitude above a predetennined fliresh- 
old level. 
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